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It i s  ra the r  d i f f i c u l t  t o  compare quan t i t a t i ve l y  f l a tness  measuring resu l t s  o f  one and the  same ob jec t  
(e.g: i n  case o f  a long-term s t a b i l i t y  i nves t i ga t i on )  o r  the  resu l t s  o f  a ser ies  o f  products (e.g. from the  same 
machinetool i n  order t o  i nd i ca te  machinetool-influences).An extension o f  a computerprogram app l ied  t o  the  evalua- 
t i o n  o f  f l a tness  measurement (as described i n  the  CIRP-Annals. v o 1 . 6  (1977), no.1) , separates the  form devia- 
t i ons  o f  a surface i n t o  a geometrical p a r t  and a random par t .  
The geometric pa r t  cons is ts  o f  a b e s t - f i t t i n g  non-f lat . reference plane, composed o f  t he  s ing le  curvature o f  a 
sphere and the  double curvature o f  a r e a l  tw is ted  plane.Three parameters ( the  dimensionless curvature parameters 
o f  spher i c i t y  and to rs ion ,  together w i t h  the  d i r e c t i o n  o f  the  to rs ionvec tor )  a re  ab le  t o  charac ter ize  the  geome- 
t r i c a l  p a r t  o f  the  surface; a f o u r t h  one i s  a measure f o r  the  random par t .  
Advantages o f  t he  method are  demonstrated w i t h  the  a i d  o f  a long-term inves t i ga t i on  i n t o  the  form s t a b i l i t y  of 
a g ran i te  surface p la te .  
Another extension o f  the  program makes it now poss ib le  t o  measure surfaces w i t h  non-rectangular contours i n  the  
same way as i t  i s  being done i n  case o f  a rectangular surface o la te .  
1. IWTROWCTIOX 
Since 1974 experience has been gained w i t h  methods o f  f la tness  
measurement and evaluat ion o f  t he  measuring resu l t s  b:r means o f  
a spec ia l l y  developed computerprogran.The mer i t s  o f  the  appl ied 
method are  described i n  more d e t a i l  in [1;2j'. 
I n  short :  every straightness measuring method,appl i ed  on a 
g r idpa t te rn  o f  i n te rsec t i ng  s t r a i s h t  l i n e s  on t he  surface.may be 
used.In a f a i r  compet i t ion two measuring methods have been inves- 
t i g a t e d  fu r the r :  a member o f  the  "d i rec t "  method,making use of 
we l l  ca l i b ra ted  and lapped straightedges i n  combination w i t h  a 
spec ia l l y  developed contac t - ind ica tor  and an i t e m  o f  the  " i nd i -  
r e c t "  method making use o f  an e lec t ron i c  l eve l - i nd i ca to r  i n  com- 
b ina t i on  w i t h  an e lec t ron i c  displacement transducer,measuring 
he igh t  d i f fe rences  o f  p a i r s  o f  g r idpo in ts .  
errors.especial ly o f  the  straightedge method,have been reduced 
so t h a t  a t  the  m e n t  the  resu l t s  o f  both compatating methods a re  
comparable w i t h i n  the  regions o f  uncertainty.llevertheless the  
preference i s  going t o  the  second method because i t  i s  easier t o  
handle,faster and m r e  accurate. 
pa t te rn  on the  surface a re  used i n  the  computerprogram.resu1ting 
i n  a measuring repo r t  mentioning: 
- height dev ia t ions  i n  the  measured g r idpo in ts  w i th  respect t o  
a regression plane, 
- the standard dev ia t ion  a o f  t he  f l a tness  dev ia t ions  which can 
be used t o  ca lcu la te  the  confidence l i m i t s ,  
- a finp o f  the surface w i t h  contour l ines  of ce r ta in  heightsteps. 
found by sp l i ne - in te rpo la t i on  o f  heights w i t h i n  a f i n e r  g r idpat -  
te rn .  
2. THE REED OF QUAIITITE.TIVE CMlPARISON OF SHA?E ALTERI,TIOCS 
The long-term inves t i ga t i on  o f  t he  fo rms tab i l i t y  o f  a g ran i te  
surface p l a t e  j u s t  a f t e r  i t s  "b i r t h " ,  which has already been an- 
nounced i n  I21was on ly  possible i n  the  beginninq by comparison 
of t he  contourmaps and the  p l o t t i n ?  o f  changes o f  heightvalues 
of ( ce r ta in )  gr idpoints.Rather b i g  changes could be detected i n  
t h i s  way,certainly i n  the  beginning of l i f e t i m e  o f  the  surface 
p l a t e  ( f ig .7  and 8 i n  [ Z ] ) .  
Now we be l ieve  t o  have found a so lu t i on  f o r  t h i s  problem by 
separat ing the  shape o f  t he  surface i n t o  a geometrical pa r t *and  
a random part.so t h a t  cha rac te r i s t i c  parameters t o  the  surface 
shape can be adjudged. 
Both methods have t h e i r  spec i f i c  pros and cons.The systematic 
The resu l t s  o f  straightness dev ia t ions  on the  l i n e s  o f  a g r i d -  
3 .  CUIlVATUXE DUE TO SPHERICITY 
The ne igh t  d i f fe rence sij o f  a p o i n t  P . .  o f  a r e a l  sphere S 
w i t h  respect t o  a reference plane Q ( f i g . 1 )  can be expressed as: 
s.. = - 1 k.( xi2 t yj2) = k.6.. 
1J 1J 
i n  which k i s  the  curvature i n  rad/m ( k  i s  thus the  rec ip roca l  
value o f  the  rad ius  o f  curva ture  i n  m/rad). 
6. .  is a f a c t o r  which i s  on ly  dependent on the co-ordinates o f  
1J 
the  p o i n t  Pij.In f i g . 1  the  impression may be ra ised t h a t  the  cen- 
t r e  o f  curvature must be on the  Z-axis underneath 0 (ii0;j.O). 
However by s h i f t i n g  the  reference plane Q any pos i t i on  w i th  res- 
pect t o  the  measured surface S i s  possible.  
4. CURVATURE DUE TO REAL TORSION 
Torsion can be expressed by means o f  a f r e e  vec tor  T which i s  
supposed t o  l i e  i n  Q and which has been placed i n  f i g . 7  i n  0 f o r  
convenience sake. lot  on ly  the  magnitude o f  T .but a l so  i t s  d i rec -  
t i o n  p w i t h  respect t o  the  Y-axis i s  o f  impzrtance i n  the  next.  
Although T may a l so  have a component along the  Z-axis t h i s  cannot 
g i ve  rise-to he igh td i f fe rences  w i t h  respect t o  the  XOY-plane and 
i t  can be ignored furthermore. 
p o i n t  P . .  encounters a he igh t  dev ia t ion  t.. due t o  to rs ion  only. 
t . .  = T.1.r = T l ( y . '  - xi2).sin Z+ - x.y.cos 20 
which obeys: 
The fac to r  T. . is  no t  on ly  dependent on the co-ordinates of P... 
bu t  also.as could be expected,on the d i r e c t i o n  o f  1. 
1J 
If the  to rs ion  per u n i t  o f  leng th  i s  constant I (rad/m) B 
13 1J 
1 1J [ J  1 J  






Fig.1 Height d i f fe rence due t o  the  shape o f  a sphere S 
* A  h i n t  was given i n  correspondence by Mr.Kilpi.former CIXP- 
member o f  Finland. 
Fig.2 Height difference due t o  to rs ion  
5. SUPERPOSITION OF SPHERICITY AND TORSION 
I n  [1 and 21 i t  has been explained t h a t  the measuring procedu- 
re resu l t s  i n  f i n d i n g  a f l a t  reference plane R so t h a t  from t h a t  
reference the he igh t  h . .  o f  a p o i n t  P . .  i n  the measured surface 
could be ca lcu la ted  ( f ig .3 ) .  
tween a flat regression plane Q and the measured surface i n  P.. 1J 
1J 1J 
Next step up t o  now was t o  define he igh t  di f ference d . .  be- 
'? 
by: 
d.. = h. .  - ( a t  j.a t i .3  ) 
1J 13 
By minimising Idij' i t  was possible t o  f i n d  the p o s i t i o n  of 
t h a t  regression plane Q (a;m;e) and from t h a t  the p o s i t i v e  and 
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negat ive form dev ia t ions  d . .  o f  the measured surface. 
13 
I n  any r e a l  tw is ted  surface two d i r e c t i o n s  o f  extrene curva- 
t u r e  can be ind ica ted :  
- maximum curvature (symbol cI) i n the d i r e c t i o n  r11 = 3 + A< - minimum curvature (symbol m) i n  the d i r e c t i o n  1- = P - 45' 
These so-cal led main d i r e c t i o n s  are under d i r e c t i o n s  o f  5 85. 
Moreover there are two d i r e c t i o n s  J where s t raJght  l i n e s  i n  
w i t h  the T-vector. 
- the sur face  nay be exnected ( b t , @  = 0 ) .  
I n  f ig .6  these l i n e s  are a and b a t  irl = 0 and J; = 0 They are 
i n d i c a t e d  w i t h  the symbol =. 
Fig .3  Def in ing  form dev ia t ions  w i t h  respect t o  a regressicq plane 
FrOm now on the he igh t  d i f fe rence 4 . .  nay be def ined w i t h  res -  
pec t  t o  a n o n - f l a t  regression plane Q , which may be the superpo- 
s i t i o n  o f  g l a t ,  a r e a l  sphere and a r e a l  t w i s t e d  component: 
5.. = h. .  - [ a t  j.u t i . 5  t k . 6 . .  +?.T.. 
1J 
1J 1J 1J 1 3 1  
o rder  x s .  .' i s  mininun: z= %-Gsc-a ' 
1J ? a  1 %  3 6  1 T  x="' 
These 5 equations make i t  poss ib le  t o  so lve  a, I, 3 . ~  and k. 
I f  f l a t n e s s  has been rreasured i n  p p o i n t s  of  the g r i d p a t t e r n  
the res tno ise  !? my  be def ined as: 
P - 6  
One d i f f e r e n t i a t i o n s  i s  missing.This i s  r a t h e r  a cumbersome 
procedure so t h a t  i n  the program i t  has been replaced by a calcu- 
l a t i o n  o f  R = f (O)  and f i n d i n g  t h a t  9 where R i s  a minimum. 
7 b  
P Fig.6 Rap o f  a surface w i t h  t r u e  t o r s i o n  
I f  t r u e  s p h e r i c i t y  and t r u e  t o r s i o n  are superimposed ( f i g . 7 )  ) the t o t a l  d inensionless bowrise br i n  any d i r e c t i o n  a w i t h  the  h o r i z o n t a l  ax is  equals: 
br = b + b . s i n  2 ( 0  - 6 ) .  
Fig.4 A t  the d e f i n i t i o n  o f  t h e  dimensionless bowrise b s t  
Although r e a l  s p h e r i c i t y  k and r e a l  t o r s i o n  are expressed 
i n  the u n i t  rad/m so t h a t  they are independent o f  the magnitude 
o f  the masured surface,preference i s  going t o  dir.lensionless 
parameters as a measure f o r  the curva ture  due t o  s p h e r i c i t y  and 
to rs ion .  
I n  f ig .4  a dimensionless bowrise b may be def ined by b = f .  
The dimensionless bowrise b due t o  t r u e  s p h e r i c i t y  i s  thus: 
F ind ing  k i n  the computerprogram i n  p-ad/m the u n i t  o f  bS i s  




True t o r s i o n  r e s u l t s  i n  a h y w r b o l i c  paraboloid o r  a "saddle"- 
surface,containing two f a m i l i e s  o f  s t r a i g h t  l i n e s  ( f i g . 5 ) .  
The extreme bowrise t = f , where t '  = T .r2 = y2 .
The dimensionless bowrise bt , due t o  t r u e  t o r s i o n  i s  thus: 
Here.also.finding T from the  computerpropran i n  prad/m , the 
A simple example of a map of a surface w i t h  t r u e  t o r s i o n  i s  
The t o r s i o n - b o r r i s e  bte i n  any d i r e c t i o n  e w i t h  the h o r i z o n t a l  
A sur face  w i t h  t r u e  t o r s i o n  
b = i - l  -g T . 1  . 
u n i t  o f  bt i s  pm/m. 
shown i n  f ig .6 .  
a x i s  may be der ived from: bt,e= bt. s i n  Z ( 8  - 6 ) .  
Fig.7 {tap o f  a surface w i t h  t r u e  s p h e r i c i t y  and t o r s i o n  
Now the maximum curvature may be expected i n  the  d i r e c t i o n  
n , =  LI + 45' .s ign bt and the minimum curvature i n  the d i r e c t i o n  
12= 4 - 45'.sign bt. 
Here s ign  bt has been added i n  the  formulae,because i n  the 
computerprogram t h e  d i r e c t i o n  0 of the r -vec tor  i s  always between 
0' and 90' ,but due t o  the k i n d  o f  t o r s i o n  i n  the sur facermay 
be p o s i t i v e  o r  n e g a t i v e p a k i n g  bt p o s i t i v e  o r  negat ive.  
Ifl$l< 1 the surface has two d i r e c t i o n s  o f  s t r a i g h t  l i n e s ,  
because the saddle-shape over ru les  the spher ic i ty.They f u l f i l l :  
1 1  = o t :!.arcsin ( -  bs/bt) 
b2  = i - 3 .  180'- a r c s i n  (-bs/bt)] 
b 
t 
I f  Ib,l = Ib t  1 the surface has a c y l i n d r i c a l  shaoe w i t h  one 
a x i s  > = n 
b 
- an e l l i p s o i d  
- o r  a sohere 
If@> 1 the surface i s  a p a r t  o f  
(b t  # 0) , 
(b t  = 0)  . 
So a t  the end of the c a l c u l a t i o n  by the  canputer n o t  on ly  
the he igh t  dev ia t ions  d . .  w i t h  respect t o  a f l a t  regression 
plane are mentioned, b u t  also:  
1J 
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- the dimensionless bour ise parameters b, and bt , 
- the d i r e c t i o n  4 o f  the  to rs ionvec tor  L (if any) , 
- the  restnoise-value R , - depending on the values o f  b, and bt an i n d i c a t i o n  whether 
G.l The " c h i l d h o o d " - p e r s  
A f te r  m r e  than two months o f  measuring every 3; day (mea- 
surements nr.1-15 and once a week (nr.16-1U) i t  was thought 
on the q u a s i - s t a b i l i t y  o f  the heightvalues and the contourmaps 
t h a t  the  most spectacular changes o f  form were behind us. 
Re-calculat ing the data of  measurements on punch cards w i t h  
the a i d  o f  the extended computerprogram i t  i s  now poss ib le  t o  
p l o t  the b,-parameter i n  a sequence o f  measurement (f ig.E),where- 
as f i g . 9  shows the bt-parameter and the angle t o f  the  t o r s i o n -  
vector i n  t h a t  same sequence. 
the  surface i s  mainly a saddle-surface, a cy l inder ,  an e l l i p s -  
o id ,  a sphere o r  random. 
I n  f a c t  the parameters bS ,bt ,c and R are s u f f i c i e n t  t o  cha- 
,ze the shape o f  the measured surface.The above-mentioned 
!gression plane can be considered as a sphere w i t h  curva- 
, = 0. 
1* 
0 ,  
,lweek ,_ 1-3'hday ,lJ2,6,5,13?6,16, ,* weeks 3% day - 
I 
1 I I I I 
10 20 
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6. LOI4G-TEiZJi I~NESTIGATIOn~ OF F. GRE.IITE SURFKE PLATE Surpr is ing  are: 
The i n v e s t i g a t i o n  i n t o  the fonn s t a b i l i t y  of a " j u s t  born" 
g r a n i t e  surface p l a t e  (63Cx400x80 mn3 s t a r t e d  a t  the end of 
1976.I t  was i n s p i r e d  on some vague doubts about the s t a b i l i t y  of 
t h i s  k i n d  o f  m a t e r i a l ,  caused by 
- the decreasing t rend o f  b, ,which was n o t  ended a t  a l l  a f t e r  
- the more o r  l e s s  "constant"  l e v e l  o f  bt-values and @-values measurenent nr.18, 
i n  t h a t  per iod.  
6.2 Experiments w i t h  i l l m i n a t i o n  - measurements on several  p l a t e s  o f  d i f f e r e n t  o r i g i n e s  o f  ma- 
Measurements nr.13 and 20 were based on the steady s t a t e  
lamp a t  1 ni he igh t  above the cent re  o f  the  plate.8etween 19 and 
20 the  bu lb  was turned over 180' along i t s  v e r t i c a l  a x i s  i n  o r -  
der t o  e l im ina te  the unsymmetrical L u x - p r o f i l e  on the  surface. 
t e r i a l ,  
being processed i n  about the same way and the chemical compo- 
s i t i o n  o f  which has s i m i l a r i t y  wi th  t h a t  o f  g ran i te .  
- experience of form changes of o p t i c a l  g lass m a t e r i a l .  which i s  at illumination of  the  upper surface with a normal lo W-filanent 
20 
j/ 4 load 1 
increased 
4OW lamp humidity after wetting * 
* 
+ 
Fig.9 A l t e r a t i o n s  o f  the  bt-parameter and 2 i n  course o f  t ime 
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I n  measurement nr.21 and 23 a 40 IJ-fluorescent lamp was moun- 
ted  a t  1 m he igh t  and p a r a l l e l  t o  one diagonal NY--SE.whereas 
measurement nr.22 belongs t o  the pos i t i on  of t h a t  lamp along the 
other diagonal d i r e c t i o n  SW--:IE. 
( f ig.E).The r i s e  .?bS o f  about 2 p n / m  can f u l l y  be der ived from 
the  thickness o f  the p la te  (80 mn). the  coe f f i c i en t  o f  l i n e a r  
expansion (:L = 5,6.!0-6 K-1) and the temperature di f ference be- 
tween upper and lower surface of on l y  +0.25 K. 
neing confirmed i n  [3;4]. 
These measurements on ly  r e s u l t  i n  a change o f  spher i c i t y  
The same experience as t o  s ign  and magnitude o f  the e f f e c t  i s  
6.3 Experiments w i th  humidi ty 
For s o w  reason i t  was decided t o  increase the r e l a t i v e  hu- 
m i d i t y  w i t h i n  the  aluminium t e n t  around the  surface p l a t e  up t o  
80 85b.Although there were changes i n  the "character"  o f  the  
contourmaps o f  those measurements ( n r . 2 4 t 3 1 )  the new parameter 
b, shows i n  f i g .8  tha t  these phenomena were m r e  on account o f  
the  o r i g i n a l  " t rend" than on account o f  humidi ty!  
Nevertheless i t  was decided t o  go t o  the  utmost: p u t t i n g  wet 
towels on the  upper surface dur ing 24 hours and then t o  measure 
inmediately a f t e r  removal. 
Fig.10 shows the  r e s u l t  o f  t h i s  measurement nr.32 as a con- 
tourmap.Effects o f  curvature can b e t t e r  be valued from f i g .8  
and f ig.9.  
The temperature o f  the upper surface was j u s t  before the mea- 
surement 18,8% and afterwards 19.4%: a normal r i s e  due t o  the 
presence of the observer i n  the  ten t  and some i n d i r e c t  i l l u n i n a -  
tion.The general temperature i n  the t e n t  rose from 17.8% t i l l  
18.0'c. Re la t i ve  hun id i t y  was i n  the  beqinning 831,at l a s t  78::. 
From these data i t  can be der ived t h a t  dur ing the  measurement 
the  dewpoint was probably a t  15 2 2 'c. 
Evaporation o f  a wa te r f i lm  on the  surface would make the up- 
per surface cooler than the  lower surface.This would tend t o  a 
concave shape.However water i n  the  micro-cracks o f  the  f i n i sh ing  
operat ion o f  the upper surface and i n  between c rys ta l  grains a t  
the surface causes i n te rna l  compressive stresses which decrease a t  
lower l eve l s  under the upper surface.This e f f e c t  (a lso  demonstra- 
b l e  i n  op t i ca l  glass ma te r ia l )  causes thus a convex upper surface 
and i s  t o  our opinion mainly responsible f o r  the  shape o f  con- 
tourmap nr.32.0ther inves t iga tors  have mentioned t h i s  e f f e c t , a l l  
w i th  the same sign o f  curvature (convex shape), bu t  w i th  var ious 
magnitude [3;5;6;7].The l a s t  i tem seems t o  be dependent on the 
chemical and s t ruc tu ra l  composition o f  the  g ran i te  mater ia l  . A s  t o  
our black g ran i te  data are r m t i o n e d  i n  an appendix. 
6.4 The second dry ing  per iod  
i'4easurement nr.34-43 belong t o  another d ry ing  ?er iod  i n  
which the  shape a l te ra t i ons  have been fo l lowed w i t h  increasing 
time in te rvs l s .A f te r  measurement nr.43 i t  was bel ieved tha t  the  
o r i g i n a l  .more o r  less cha rac te r i s t i c  contounnap had been reached 
again and in te rva l s  between the  measurements were increased to 
several weeks. 
r40w w i th  the  new f a c i l i t i e s  i t  i s  c lea r  t h a t  b e t t e r  a t ten-  
t i o n  should have been qa id  t o  questions as: 
- a t  what leve l  and why the b,-parameter passed a minimum, 
- why the bt-parameter s i g n i f i c a n t l y  changed i t s  t rend, 
- why the angle .;, o f  the  to rs ionvec tor  7 s i g n i f i c a n t l y  changed 
i t s  near ly  s tab le  l eve l  o f  3 = 47'+ 4' i n t o  a decreasing 
trend (co r re la t i on  c o e f f i c i e n t  0,s) ? 
5.5 F i r s t  loadings on the surface 
Because i t  was thought t h a t  no fu r the r  measurements were 
o f  i n t e r e s t  measurement nr.45 was done i n  unloaded s ta te  o f  the 
p la te  and measurement nr.46 fol lowed inmediately af terwards pu t -  
t i n g  a constant "point"-weight o f  18,2 kg (a  c y l i n d r i c a l  square, 
0 = 90 n ,he igh t  400 inn, supportr ing 0 = 30--70 mm) i n  the cen- 
t r e  o f  the p l a t e  i n  order t o  demonstrate the formdeviat ion due 
t o  t h i s  normal a t t r i b u t e  on a surface plate.This weigh: was on ly  
fo r  one hour on the tab1e.Becaus.e t h i s  measurement nr.46 i s  no t  
of i n t e r e s t  i n  the scope o f  t h i s  paper the values o f  parameters 
have been omit ted i n  the graphs. 
I n  the beginning of 1979 a constant weight o f  the  same order, 
bu t  on a l a rge r  supportarea was 
week o r  two. 
I n  sp i te  o f  wa i t i ng  more than 4: month ( the  p l a t e  s t r i c t l y  i n  
unloaded cond i t ion)  measurement nr.47 showed a qu i te  strange con- 
tourmap notwithstanding the  noma l  measuring conditions.8oth 
curvatures due t o  rea l  spher i c i t y  b, and due t o  rea l  t o rs ion  bt 
g ive  q u i t e  unnonnal values.The angle 8 changed too. 
Nevertheless measurement nr.48, a f t e r  another 35 weeks o f  
unloaded s ta te  o f  the  p la te ,  promisesa recover ing t o  the o r i -  
g ina l  values b, bt and $. 
Some measurements a f t e r  composing t h i s  paper w i l l  conf i rm 
t h i s  supposi t ion o r  upset i t .  
7.THE REMAINING PARAMETEFS CHARACTERIZING THE FLATNESSHEFSUREt!EIT 
Up t o  now nothing has been mentioned about the  l a s t  charac ter i -  
z ing  parameter of  a f la tness  measurement: t he  res tno ise  R.This 
parameter has been p l o t t e d  as a func t ion  o f  t he  sequence o f  mea- 
surements i n  f ig.11. 
Up t o  and inc lud ing  measurement nr.37 t h i s  value i s  surpr is ing-  
l y  constant a t  8 = 0,55 t 0,03 m.To begin w i t h  tha t  concave 
shape (nr.38) there  i s  nore sca t te r  i n  the R - v a l u e s . T h e o n  o f  
t h a t  cannot be explained. 
F i n a l l y  a measure f o r  the accuracy o f  each f la tness  measurement 
i s  the  standard dev ia t ion  0 based on the mean value o f  f l a tness  
dev ia t ions  per  g r i dpo in t  over the whole g r idpat te rn .  
Up t o  and inc lud inq  measurement nr.42 t h i s  a-value i s  su rp r i -  
s ing l y  constant a t  a l eve l  a = 0.12 
measurement and the  next one 43 f o r  sane reason a p a i r  o f  Perma- 
nent magnets has been p lacedbs ide  the Ta lyve l -un i t  o f  the  measu- 
r i n g  system and on ly  f o r  h a l f  an hour.Since than we never have 
succeeded i n  ge t t i ng  the  accuracy a t  the  o r i q i n a l  leve l .  
allowed on the p l a t e  dur ing a 
0.02 ,u%.In between tha t  
a. ANOTHEX EXTENSIOI~ OF THE COMPUTERPCOGRAM 
A simple quest ion of the I n s t i t u u t  voor Kernfysisch Onderzoek 
(I.K.O.) i n  Amsterdam t o  measure fo r  them a t  the  manufacturer's 
i n  Germany dipole-sets f o r  an e lec t ron  snectrometer t o  be b u i l t  
Fig.10 Shape o f  the surface p l a t e  j u s t  a f te r  wet t ing  
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i n  t h a t  I n s i t u  e. causeda problem t h a t  these surfaces (area 
tours.The entrance s ide  o f  the  f i r s t  t w i n  s t a r t e d  a t  about 0,4 m 
lengtt!,the e x i t  s ide  had about 0.8 m 1ength.The second s e t  had a 
more convent ional"  shape. 
These p a i r s  o f  magnets o f  spec ia l  s o f t - i r o n  m a t e r i a l  have t o  
generate a very strong b u t  homogeneous magnetic f i e l d  w i t h i n  the  
gap between the p a r a l l e l  surfaces.On the  drawing f l a t n e s s  was t o -  
leranced w i t h i n  10 pm p e r  surface.Last f i n i s h i n g  onera t ion  was 
sur face  gr ind ing .  
F i r s t  impulse was t o  f i n d  a s u i t a b l e  g r i d g a t t e r n  t h a t  best 
f i t t e d  i n t o  the  circumference o f  a surface.Especial1y a t  the 
f i r s t  p r t h i s  i s  n e a r l y  impossible w i thout  i g n o r i n g  r e l a t i v e l y  
l a r g e  areas o f  t h e  surface,but which are f u n c t i o n a l l y  very imnor- 
t a n t  ( s i d e  e f f e c t s ] . A t  l a s t  a s o l u t i o n  was found t o  p u t  a l a r g e r  
g r i d  over the surface,that has a s u i t a b l e  number o f  measurinq 
p o i n t s x  comnon w i t h  the  magnet surface and i g n o r i n g  the r e s t  o f  
the g r i d p a t t e r n . 0 f  course t h i s  Drocedure gives loss  o f  the number 
o f  degrees o f  freedom i n  the approximation procedure o f  f i n d i n g  
the reference olane 8, b u t  t h i s  can be s u f f e r e d  t o  some extend. 
Fig.12 gives the contourmap o f  such an i tem o f  the f i r s t  p a i r  o f  
magnets.The machineshop Lorenz (Ett l ingen,Gemany) succeeded i n  
keeping a l l  p a i r s  o f  surfaces w i t h i n  t h a t  13 L.rm f l a t n e s s  t o l e -  
rance.however comparing a l l  machined products o f  the same g r i n -  
d i n g  machine these 5 surfaces (one surface was a pro to type t o  
show the p o s s i b i l i t i e s  o f  the  workshop) have q u i t e  a l o t  o f  t o r -  
s ion  w i t h  the vector T p r a c t i c a l l y  always i n  the same d i r e c t i o n .  
We are  convinced tha t - th is  e f f e c t  i s  due t o  a systematic way of 
about 2 'a 3 m 3 1 had no rectangular o r  sqare,but bowshape con- t y  of Technology, Department o f  Hechanical Engineering. 
ir.!{.de Bruin, i  r. J.Hei j e r  and p r o f  .d r .  i r.A.dawi j n  
Xnnals of the C.I.R.P.,vol.Z& (1977), nr.1, 79.251-256. 
3 .  " I n v e s t i g a t i o n  on g r a n i t e  as 'a  mater ia l  f o r  metrology a ids"  
S.Z.Abdin, R.K. Shenoy and M.E. Visvesnaren 
Annals o f  the  C.I .R.P.,vol .g (1978). nr.1, ~p.377-381. 
4. "The e f fec t  o f  thermal g rad ien ts  on f l a t n e s s  o f  sur face  
tab les"  
A. A. E l  -Saved 
2. "Surface p l a t e  measurements" 
I n t . J o u r 6 1  of Product ion Research.vo1.z (1979), nr.3, 
pp.203-213. 
5 .  "The e f f e c t  of moisture on the  f l a t n e s s  o f  b lack g r a n i t e  
surface p l a t e s "  
T.8.J.Oakley 
i lachinery and Product ion Engineerinn 1966.2 Nov. .pp979-981 
o r  Machine shop and enqineer ing m a n ; k 5 r e , E , O c t . ,  
6 .  Conmunication o f  Mr.J.Bryan a t  the session o f  STC "9" o f  
the C.I .R.P. a t  Davos on 1579-08-31. 
7. C m u n i c a t i o n  o f  Hr.J.Simonet a t  the session of  STC "9" o f  
the C.I .R.P. a t  Par is  on 1580-01-31. 
pD.402-405. 
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Fig.12 Map o f  a surface w i t h  bowshape contours 
movement of the  machineslide,which can be cor rec ted  f o r  i n  o rder  
t o  g e t  (even) b e t t e r  products. 
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10. APPENDIX- 
The black g r a n i t e  m a t e r i a l  o f  the surface p l a t e  concerned 
o r i g i n a t e s  from a quar ry  i n  West Sweden.Arriving a t  the manufac- 
turer. the firm H y t r i  ,at  Apeldoorn,the Netherlands, i t  has been 
cut.ground and po l i shed t o  become a surface p l a t e  (63flx4OOx80 mn3) 
i n  about two weeks.After the l a s t  f i n i s h i n g  process i t  has been 
c a r e f u l l y  t ranspor ted  t o  the u n i v e r s i t y  and measured as t o  f l a t -  
ness. 
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On account o f  t h i s  measurina r e p o r t  a l a s t  h a d - f i n i s h i n g  
and form-improving opera t ion  has been c a r r i e d  ou t  i n - s i t u . J u s t  
a f t e r  t h a t  l a s t  f i n i s h i n g  touch the p l a t e  hcs been i n s t a l l e d  on 
the same 3 supports o f  manufactur ing i n  a tent-frame,cavered 
w i t h  aluminium f o i l  i n  an a i r - c o n d i t i o n e d  room.tloreover the p l a t e  
was packed i n  i s o l a t i o n  m a t e r i a l  on a l l  s ides w i t h  except ion of 
the f u n c t i o n a l  upper surface. 24  Hours a f t e r  f i n i s h i n g  and i n s t a l -  
l a t i o n  the  f i r s t  measurement o f  the s e r i e s  s t a r t e d  on 1976-12-24. 
10.1 Chemical conposi= 
A spectro-chemical ana lys is  o f  m a t e r i a l  o f  t h a t  quar ry  
r e s u l t e d  i n  1376 i n :  
(percentage o f  we igh t )  
S i l i c i u n -  ox ide  S i O p  56.1 , Ti tanium- ox ide  T i02  13.33 I 
Aluminium- ,, A1203 19,l Mangan- ,, flnO 3,19 
Calcium- ,, CaO 12,O Vanadium- ,+ V205 0.015 
I r o n -  ,, Fe203 (1.5 Nicke l -  ,, l l i 0  0.01 
nagnesium- ,, NgO 3,0 Gall ium- ,, Ga203 0.01 
Sodi M- ,, Na205 1,5 Copper- ,, CuO 0,005 
Potassium- ,, $0 1,2 Lead- ,, PbO 0,004 
Zirconium- ,, Z r C 2  0,003 
Fig.13 C r y s t a l l i n e  s t r u c t u r e  o f  t h e  g r a n i t e  concerned 
10.2 S t r u c t u r a l  composition 
In f ig .13  the  c r y s t a l l i n e  s t r u c t u r e  o f  the  b lack  g r a n i t e  
m a t e r i a l  i s  sh0wn.A sample of about 2 0 x 1 0 ~ 1  mm3 has been c u t  
from a 1arDer oiece,ground and no l i shed u n t i l  a s l i c e  w i t h  t h i c k -  
ness o f  l e s s  than 0,015 mn was l e f t .  
idow t h e  c r y s t a l l i n e  s t a t e  can be s tud ied  i n  c o l o u r - i n t e r -  
ference microscopy and / o r  by macro-photography o f  which the  p i c -  
t u r e  i s  an example.This b lack  k i n d  o f  y a n i t e  seems t o  have a 
r a t h e r  b i g  "dens i ty "  o f  g ra ins  i n  comparison w i t h  o ther  k inds o f  
grani te.The na ture  o f  the  var ious c r y s t a l s  can b e t t e r  be e x p l a i -  
ned w i t h  the  a i d  o f  a coloured p i c t u r e  i n  i n t e r f e r e n c e  cont ras t .  
390 
